Diversity of woody and herbaceous species, stand structure and regeneration status of woody species, spatial cover of the herbaceous species as well as nutritional values of woody and herbaceous species were studied in Mokolodi Nature Reserve (MNR), Botswana. Ten 1 ha quadrats were used to collect data, and in each quadrat, ten 1 m 2 plots were used to estimate the spatial cover of herbaceous species. MNR exhibited high species, genera and family richness, but low diversity and eveness. The diversity and eveness values of woody species were 1.44 and 0.38, respectively. Density of woody species was about 4,785 ha -1 . Most of the woody species demonstrated unstable population structures and hampered natural regeneration. The spatial cover of all herbaceous species was only 44.67% ha -1 . The nutritional values of the species ranged between low and high while there was no information on the nutrtion values for 16 and 55% of the woody species and herbaceous species, respectively. The dominance values of woody species indicate inadequate number of big-sized trees, and that MNR is still at the recovery phase. For 68% of the woody species, natural regeneration is hampered. Future research topics and recommendations on the future management of MNR are proposed.
INTRODUCTION
Botswana has one of the highest percentages of protected land in the world, with around 37.2% of the land seen as either totally or partially protected areas, namely national parks, nature and forest reserves and nature *Corresponding author. E-mail: dteketay@yahoo.com, dteketay@bca.bw, demelteketay@gmail.com sanctuaries (World Bank, 2012) . Most of these proclaimed protected areas in Botswana, are located in the central, northern and southwestern parts of the country, which are far from the main centers of the country's human population (Figure 1) . Thus, the dispersal of settled areas has resulted in a large percentage of the population in Botswana growing up without having an understanding or appreciation for their natural environment (Mosothwane and Ndwapi, 2012) . In 1991, the Mokolodi Wildlife Foundation (MWF), a registered non-for-profit organisation, was created with a vision of establishing a nature reserve in close proximity to Botswana's capital and largest city, Gaborone, thereby, providing a platform for environmental education (Martin and Njiru, 2006) . Following a national and international fund raising drive, which resulted in securing sufficient funds, MWF embarked on a project aimed at developing the Mokolodi Nature Reserve (MNR). The land encompassed by MNR was originally a freehold cattle farm until 1986 (Schroder, 2001) . During this time it appears to have been overstocked and, therefore, overgrazed. Lower than average rainfall during the 1980's and early 1990's also had an impact on the veld condition. Although the MNR is slowly recovering, the game species concentrate on the flatter, lower lying areas of the reserve since the grasses are more palatable as the soils contain more mineral salts, which are leached from the higher lying areas. This has led to selective overgrazing, and the low amounts of rainfall experienced in the 1980's and 1990's have added to this problem.
As stated above, historically, MNR has been used for cattle ranching with no strict management principles and, hence, the intensity of cattle grazing was high. The high stocking rates lead to overgrazing and its associated effects, such as soil erosion, land degradation, reduced risk of fire and bush encroachment. Erosion has negative effects on an ecosystem, such as loss of topsoil, which prevents vegetation establishment, damage to infrastructure, that is, roads and fences, and reduction of aesthetic value of the site. Fire is an integral component of savannah ecology. Thereof, its absence, in combination with overgrazing, allows the woody layer to become dominant (bush encroachment), with associated negative effects, such as loss of biodiversity, a reduction in carrying capacity and reduced visibility on game drives. Mesic savannas are evolutionaryily unstable systems that change in response to disturbances, such as fire and herbivory, and most importantly, fluctuating rainfall, on both regional-and local-scale (van Rooyen, 2010; DavidAndersen, 2012) . Thus, the vegetation in the reserve is expected to be in constant spatial and temporal fluctuation. This, nevertheless, does not exclude management from optimizing the condition of the veldthrough sound management practice -and mitigating the negative anthropological effects that MNR has inherited from past generations (David-Andersen, 2012) .
The vegetation in MNR was incapable of recovering due to long period of overgrazing, leading to widespread land degradation, which, in turn, is manifested in two main forms, that is, bush encroachment and soil erosion. Bush encroachment has removed the natural veldt of palatable grass species, whilst certain invading species, including Dichrostachys cinerea (L.) Wight and Arn. and Acacia mellifera (Vahl) Benth., provide poor browsing for game animals (Table 1) . These unpalatable and naturally aggressive plant species have the ability to out-compete natural grasses for light (due to dense canopies) and water (due to extensive shallow root systems), converting the veldt into a barren, sparsely populated, rangeland (Orwa et al., 2009) . With the aggressive species outcompeting the grasses, the soil surface has become vulnerable to soil erosion, which peaks, especially, during rainfall events, owing to low rates of infiltration due to the lack of vegetative cover. The exposed topsoil substrate is washed away by the surface water, removing the valuable nutrients contained within. In extreme cases, soil erosion leads to the formation of deep gullies, and there are numerous examples of this across the Reserve. Gullies that are left uncontrolled grow and spread further across the rangeland instigating further degradation. Thus, land degradation has been a serious problem in MNR, which requires appropriate attention, research, continuous monitoring and measures targeting rehabilitation/restoration of the land and natural vegetation.
After the establishment of MNR, the vegetation has been assessed annually (Schroder, 2001; Martin and Njiru, 2006; Batura et al., 2007; Njiru, 2008 Njiru, , 2009 Njiru, , 2010 Njiru, , 2011 David-Andersen, 2012) , mainly, to determine its carying capacity in relation to the number of wild animals it has been supporting. A long-term study has also been underway in MNR since 1997 through the the establishment of experimental area exclosures to exclude large herbivores with similar areas left open as control. Since then, different studies (Flyman, 1999; Käller, 2003; Bengtsson-Sjörs, 2006; Leife, 2010; Herrera, 2011) were carried out to investigate the fate of seedlings of woody plants in the presence and absence of large herbivores (Flyman, 1999) , growth pattern and reproduction of woody vegetation (Käller, 2003) and establishment and survival of woody seedlings (Bengtsson-Sjörs, 2006) , both of which were carried out in 2001, and changes in woody vegetation (Leife, 2010) and spatial structure of woody savanna vegetation (Herrera, 2011) , both of which were carried out after 11 years of the area exclosure establishment.
Based on the results of these studies, and cognizant of the past and ongoing land degradation as well as the urgent need to address the associated problems of soil erosion and bush encroachment, MNR developed a project proposal, which was submitted to the Global Environmental Fund -Small Grant Programme (GEF-SGP) of UNDP for funding. The general objective of the project was the reclamation and regeneration of land for improved grazing within MNR. The specific objectives were to: (i) stabilise the current and continuous advance of gullies to prevent further erosion; (ii) removal of invasive species; (iii) reclaim the land for grazing; and (iv) educate and inform the local communities on the benefits of correct land management (MNR undated project proposal document). Through implementation of the project, MNR aimed to: (i) restore and rehabilitate 750 ha of degraded land; (ii) involve local communities to demonstrate and educate on sustainable management practices; (iii) adjust the behaviour and harmful practices currently undertaken by stakeholders; and (iv) seek to increase the number of local communities actively practising land management through the cost-effective and innovative financial mechanisms trailed during the project.
In converting the degraded land into fertile grassland, the project was intended to bring about numerous conservation impacts. For instance, increasing the frequency and size of grassy areas was assumed to improve the conditions for the wild animals in MNR by: (i) making more food available and, thus, reducing the severity of drought conditions on the animals; (ii) decreasing competition for food resources; (iii) returning the habitat to the natural open bushveld, thus, supporting a greater biodiversity; and (iv) increasing the vegetation cover to protect the soil from surface run-off and, therefore, reducing soil erosion. The project was predicted to benefit the local communities in numerous ways, that is, through the casual labour force required in undertaking the work and carrying out workshops to increase the knowledge of local rural populations on correct land management. In addition, the school visits to Mokolodi Education Centre was believed to ensure that future generations of local children carry with them an understanding of environmental issues and the skills to combat the problems faced (MNR, undated project proposal document). The planned project activitiesincluded, among others, "clearing 10 quadrats (each with a size of one hectare), containing the targeted encroaching, rapid regenerating and invasive bushy species, and treating them with herbicide that inhibits regrowth". However, apart from inclusion of the planned clearing activity in the project based on casual observation and experiences of staff members in MNR, there was no research-based empirical information on the status of woody species, including the accurate identity and nutritional/feed value of the woody species, and criteria to distinguish those woody species with aggressive/invasive biological nature from all the other woody species in the study site. Similarly, there was no systematic way of determining the identity, nutritional/feed value and spatial cover of the herbaceous species (herbaceous species). The lack of the above mentioned information on the woody species and herbaceous species would have made not only the implementation and monitoring of the project activities difficult but also the importance and applicability of the subsequent outputs from the project very limited. This necessitated the undertaking of a pre-clearing inventory of all woody species and herbaceous species to generate the above mentioned information required to successfully implement the project activities and serve as a bench-mark for the purpose of future referencing if and when it is required. Therefore, a pre-clearing inventory of the 10 quadrats (measuring 10 ha) mentioned above was carried out with the following specific objectivesto: (i) determine the species richness of both the woody species and herbaceous species; (ii) investigate the diversity and evenness of the woody species; (iii) assess the stand structure of the woody species through determining their densities, frequencies and dominance (basal areas), importance value indices and population structures; (iv) assess the regeneration status of woody species; and (v) determine spatial (ground) cover (herefater referred to as spatial cover) of the herbaceous species; and (vi) determine the nutritional values of woody species and herbaceous species.
METHODS

Study site
Mokolodi Nature Reserve (MNR) is located in the South East District of Botswana, about 15 km south-west of the capital city Gaborone, along the Gaborone -Lobatse road at 24º 44ꞌ 20.81ꞌꞌ S and 25º 48ꞌ 56.79ꞌꞌ E (MNR, 2015; Figure 1 ).
The climate of the Gaborone area is semi-arid and subtropical. The mean maximum daily temperature varies from 32ºC from November to February to 22ºC in late June to August. The mean minimum daily temperature varies from 22ºC from November to February to 4ºC in late June to August (Njiru, 2008; David-Andersen, 2012) . The average altitude above sea level in the MNR is 1,063 m.
The red, sandy clay loam to clay soils found at the flatter areas of the reserve cover Precambrian rock. On the slopes, the soils are shallow to moderately deep, moderately to well drained, dark reddish brown to greyish brown, course sands to clay loams and cover acidic volcanic lava (Schroder, 2001; Njiru, 2008; David-Andersen, 2012 (Schroder, 2001; Njiru, 2008; David-Andersen, 2012) (Figure 2 ).
History of the study area
Mokolodi Nature Reserve was established in 1994 on land previously used for livestock farming. As one of the aforementioned protected areas in Botswana, MNR has two main objectives, that is, to conserve wildlife and natural resources found in Botswana for current and future generations, and promote understanding of natural systems, conservation and general environmental awareness through environmental education (Njiru, 2011; DavidAndersen, 2012) . The land was donated into a Trust for the children of Botswana so as to provide a natural area that would allow them to learn about nature, conservation and the environment, and to ensure that the young people in Botswana grow-up to be good custodians of their natural history, helping to conserve their common heritage for future generations (MNR, undated project proposal).
Initially, MNR covered an area of 3000 ha, but was later expanded by 750 ha (containing crocodile pools) to the current-day area of approximately 3,750 ha (Bengtsson-Sjörs, 2006) . Following the aquisition of the land, the appropriate infrastructure was developed, including electrified fencing of the reserve, improved structure/network of roads, an education center, staff and client accommadation, and an animal sanctuary and rehabilitation center. MNR was, then, stocked with wild animals that had historically occurred in the area. The animals introduced into the reserve included Blue Wildebeest (Connochaets taurinus), Burchell's Zebra (Martin and Njiru, 2006) and Ostrich (Struthio camelus) ( Figure 3B ; Teketay, personal A B observation). MNR is also home to a variety of other mammals, a diverse array of reptile, amphibian and bird species. There is a 30 ha dam, Lake Gwithian (Figure 2 ), which acts as the main water supply for the reserve with the capacity of carrying ± 2.5 million cubic meters of water. The Chalet dam, Lake Elizabeth, Broken Dam and Bushy Farm Water Hole are seasonal water supplies (Schroder, 2001; Martin and Njiru, 2006) .
Data collection
To determine the species richness of woody species and herbaceous species as well as diversity and evenness, stand structure (density, abundance, frequency, dominance, population structure and important value index), regeneration status of the woody species, and spatial cover of herbaceous species, a total of 10 quadrats, each having an area of one ha, were laid down systematically. In each of the quadrats, the following parameters were recorded: Identity of all woody species and herbaceous species, number of all live individuals and diameter at breast height (DBH) of individuals with DBH > 2 cm of each woody species. In the case of juveniles (seedlings and coppices < 1.5 m height), the number of individuals of each woody species was counted and recorded in each quadrat. A calliper and graduated measuring stick were used to measure DBH and height, respectively, of the woody species. For the herbaceous species, in order to ensure sampling of herbaceous species across the variation observed in the spatial cover of each quadrat, 10 small quadrats (replications) measuring 1 × 1 m (1 m 2 ) were systematically laid down in each of the 10 quadrats. In the small quadrats, a visual estimation of the proportion (percentage) of spatial cover of each herbaceous species and bare ground was made in relation to the spatial cover of other herbaceous species.
The woody species and herbaceous species were identified directly in the field by using the available literature (Timberlake, 1980; Ellery and Ellery, 1997; van Wyk, 1997, 2007; Heath and Heath, 2010; Roodt, 1993 Roodt, , 1998 Setshogo, 2002 Setshogo, , 2005 Setshogo and Venter, 2003) and with the help of local people familiar with the flora. Plant nomenclature in this article follows that of Setshogo and Venter (2003) , and Setshogo (2005) .
The nutritional values of both the woody species and herbaceous species were determined using reports by Hendzel (1981) and David-Andersen (2012) .
Data analyses
Species richness (S) is the total number of different woody species and herbaceous species recorded in the study site, and does not take into account the proportion and distribution of each woody species and herbaceous species.
The diversity of woody species was analysed by using the Shannon Diversity Index (Hꞌ) (also known as the ShannonWeiner/Weaver Diversity Index in the ecological literature) (Krebs, 1989; Magurran, 2004) . The index takes into account the species richness and proportion of each woody species in all sampled quadrats. The following formula was used to analyse woody species diversity:
where, Hꞌ = Shannon index, S = species richness, Pi = proportion of S made up of the i th species (relative abundance). Evenness or equitability, a measure of similarity of the abundances of the different woody species in the sampled project sites, was analysed by using Shannon's Evenness or Equitability Index (E) (Krebs, 1989; Magurran, 2004) . Equitability assumes a value between 0 and 1 with 1 being complete evenness. The following formula was used to calculate evenness:
where, E = evenness and S = species richness. The mean density (MDE) of woody species was determined by converting the total number of individuals of each woody species encountered in all the quadrats to equivalent number per hectare.
The mean frequency (MF) was calculated as the proportion (%) of the number of quadrats in which each woody species was recorded from the total number of quadrats in the study site. The dominance of the woody species, with diameter at DBH > 2 cm, was determined from the space occupied by a species, usually its basal area (BA). The mean dominance of each woody species was computed by converting the total basal area of all individuals of each woody species to equivalent basal area per hectare (Kent and Coker, 1992) .
The important value index (IVI) indicates the relative ecological importance of a woody species in each of the project sites (Kent and Coker, 1992) . It is determined from the summation of the relative values of density, frequency and dominance of each woody species. Relative mean density (RMDE) was calculated as the percentage of the density of each species divided by the total stem number of all woody species ha -1 . Relative mean frequency (RMF) of a woody species was computed as the ratio of the frequency of the species to the sum total of the frequency of all woody species. Relative mean dominance (RMDO) was calculated as the percentage of the total basal area of a woody species out of the total basal areas of all woody species.
Population structure of each woody species in the study sites was assessed through histograms constructed by using the density of individuals of each species (Y-axis) categorized into ten diameters classes (X-axis) (Peter, 1996) , that is,: 1 = < 2 cm; 2 = 2-5 cm; 3 = 5-10 cm; 4 = 10-15 cm; 5 = 15-20 cm; 6 = 20-25 cm; 7 = 25-30 cm; 8 = 30-35; 9 = 35-40; 10 = > 40 cm.
Based on the profile depicted in the population structures, the regeneration status of each woody species was determined. The average spatial cover of each herbaceous species was determined by first calculating the average spatial cover value of each herbaceous species and bare ground in each quadrat from the aggregated spatial cover values recorded in the 10 small quadrats. Then, the final spatial cover values of each herbaceous species and bare ground were calculated from the average values of the spatial cover values of each herbaceous species and bare ground recorded in all the 10 quadrats, respectively.
The nutritional values of the woody species were first categorized into high, medium to high, low to high, medium, low to medium, low and information not available, and the percentage proportion of each of the categories was calculated. For the herbaceous species, four categories were used, namely high, medium, low and information not available. Then, the percentage proportion of each of these categories was calculated.
RESULTS
Species richness of woody and herbaceous species
The study site had a total species richness of 113 species of woody species and herbaceous species recorded in all the ten quadrats, representing 32 families and 74 genera (Tables 1 and 2 ). The most diverse families were Poaceae (31 spp., about 23.3% of all spp.), Fabaceae (23 spp., about 17.3% of all spp.), Combretaceae (five spp.) and Tiliaceae (four spp.) while five families had three species each (Tables 1 and 2 ). The most diverse genera were Acacia (nine spp.), Eragrostis (six spp.), Indigofera (six spp.), Aristida (five spp.), Combretum (four spp.), Grewia (four woody species) and Hibiscus (three spp.). The numbers of families and genera that were represented by only one species were 16 and 56, respectively. The species richness of the woody species alone was 44, representing 17 and 26 families and genera, respectively (Table 1) . The most diverse families were Fabaceae, Combretaceae and Tiliaceae with 11, five and four woody species, respectively. The most diverse genera were Acacia (nine woody species), Combretum (four woody species) and Grewia (four woody species). The numbers of families and genera, which were represented by only one species were six and 19, respectively.
A total of 69 different herbaceous species were recorded, representing 19 families and 48 genera (Table  2) . Of these, about 45% were different species of grasses while the rest included different species of forbs and sedges. The families with the highest number of herbaceous species were Poaceae (31 spp., 44.9% of all herbaceous spp.), Fabaceae (12 spp., 17.4% of all herbaceous spp.), Sterculiaceae (four spp.) and Malvaceae (three spp.). The genera with the highest number of herbaceous species were Eragrostis (six spp.), Indigofera (six spp.), Aristida (five spp.) and Hibiscus (three spp.) (Table 2 ).
Diversity and evenness of woody species
The diversity (Hꞌ) and eveness (E) values of woody species encountered in the study site were 1.44 and 0.38, respectively.
Density, frequency and dominance
A total of 47,848 stems of all the woody species (abundance) were recorded in all the ten quadrats, traslating into a total density of 4,784.8 ha -1 with a range of 0.1 and 1,119 stems ha -1 (Table 1 ). The five densest woody species in the study site were Dichrostachys cinerea (L.) Wight and Arn. (1,119 stems ha ) exhibited the five lowest densities (Table 1) . The frequencies of the woody species ranged between 10 (eight woody species) and 100% (10 woody species). The most frequently found woody species in the study site, that is, with frequencies of 100%, were D. cinerea, E. undulata, G. bicolor., Grewia flava DC., Acacia erubescens Welw. ex Oliv., Acacia tortilis (Forssk.) Hayne, Peltophorum africanum Sond., Pappea capensis Eckl. and Zeyh., Gymnosporia senegalensis (Lam.) Loes. and Acacia karroo Hayne (Table 1) . About 41% of all the woody species recorded in the study site had frequency values of more than 50%. In contrast, the least frequent woody species, with frequency value of 10% each, were Boscia albitrunca (Burch.) Gilg and Gilg-Ben., Ozoroa paniculosa (Sond.) R. Fern. and A. Fern., Gardenia volkensii K.Schum., Acacia gerrardi Benth., Vangueria infausta Burch., C. zeyheri, B. discolor. and A. luederitzii (Table 1) .
The total dominance of all the woody species recorded in the study site was about 34 m 2 ha -1 and ranged between very close to zero and 7.24 m 2 ha -1 (Table 1 ). More than 77% of all the woody species exhibited dominance values of less than one m 2 ha -1 (Table 1) .
Important value index (IVI)
The five woody species that exhibited the highest IVI values were D. cinerea (about 39%), C. apiculatum (about 32%), S. africana (about 27%), A. tortilis (about 25%) and E. undulata (about 20%). In contrast, the lowest IVI values (< 1%) were recorded for 11 of the woody species (Table 1) . It is interesting to see that both D. cinerea and C. apiculatum exhibited higher values of density, frequency, dominance and, hence, IVI than the other woody species.
Population structure and regeneration status
The woody species recorded from the study site demonstrated different patterns of population structures, which can be broadly categorized into three major groups, that is: Group I -represents woody species that exhibited stable or more or less population structures composed of the highest density of individuals at the lowest DBH class followed by gradually declining densities of individuals with increasing DBH classes ( Figure 4A ). 
Spatial (ground) cover of herbaceous species
The total average proprotion of spatial (ground) cover of all the herbaceous species in the study site was 44.67% ha -1 and ranged between 0.05 (19 spp.) and 7.1 (Eragrostis lehmannia Nees) percent ha -1 while that of the bare ground represented 55.33% ha -1 (Table 2 ). The herbaceous species, which exhibited average proportions of spatial cover above 2% ha -1 were Eragrostis lehmannia Nees (7.1% ha Table 2 ). The average proportions of spatial cover of 57 of the herbaceous species (about 83%) were less than 1% ha -1 .
Nutritional values of the woody and herbaceous species
The nutritional values of 27, 25, 16, 6, 5 and 5% of the woody species were high, medium to high, low, low to medium, medium and low to high, respectively. For 16% of the woody species, their nutrtion values could not be established for lack of information (Table 1) . Similarly, the nutritional values of 22, 20, and 3% of the herbaceous species were low, high and medium, respectively, and those for 55% of the herbaceous species could not be established for lack of information (Table 2) .
DISCUSSION
The species, family and genera richness values of woody species (44 spp., 17 families and 26 genera) recorded in this study were higher than those reported from studies in Shorobe (41 spp., 15 families and 23 genera), Maun (area exclosure in Island Safari Lodge, 33 spp., 13 families and 20 genera) and Xobe (27 spp., 10 families and 24 genera) villages (Neelo et al., 2013; Neelo et al., 2015) as well as in an area exclosure of more than 10 years (32 spp., 12 familes and 19 genera) and open area adjacent the area exclosure (24 spp., 10 familes and 15 genera) in Maun (Teketay et al., 2016) in northern Botswana, and in Shekole (18 spp.) and Guba (23 spp.) in western Ethiopia (28 spp. and 22 genera) (Yilma et al., 2015) . However, the study area in MNR exhibited lower species richness of woody species compared with reports from studies in the Sudanian savanna in Burkina Faso (Savadogo et al., 2007) , dryland forests and woodlands in Ethiopia (Woldemariam et al., 2000; Senbeta and Teketay, 2003; Zegeye et al., 2006 Zegeye et al., , 2011 Alelign et al., 2007; Worku et al., 2012) as well as woodlands and forests in South Africa (Dovie et al., 2008) , Tanzania (Louga et al., 2000; Banda et al., 2008) , and Uganda (Nangedo et al., 2006; Kalema, 2010) . When all the species (woody species and herbaceous species) are considered, the species composition in MNR is lower than those reported from Ethiopia (Senbeta and Teketay, 2003; Zegeye et al., 2006) . The diversity and evenness values of the woody species in MNR (1.44 an 0.38, respectively) are much lower than those reported for Shorobe (2.18 and 0.6, respectively), Maun (area exclosure in Island Safari Lodge, 2.15 and 0.6, respectively), Xobe (1.5 and 0.5, respectively) villages (Neelo et al., 2013; Neelo et al., 2015) as well as in an area exclosure of more than 10 years (3.14 and 1.6, respectively) in Maun (Teketay et al., 2016) , northern Botswana, and other dry land forests (Senbeta and Teketay, 2003; Alelign et al., 2007; Zegeye et al., 2006) .
The low woody species evenness value recorded in MNR indicates that there is unbalanced representation of individuals of the different woody species.
The total density of woody species recorded in MNR is higher than those reported for Shorobe, Island Safari Lodge and Xobe in Northern Botswana (Neelo et al., 2013; Neelo et al., 2015) as well as a nature reserve forest (Senbeta and Teketay, 2003) and dryland forests and woodlands (Zegeye et al., 2006 (Zegeye et al., , 2011 Alelign et al., 2007; Worku et al., 2012; Yilma et al., 2015) in Ethiopia. However, it was much lower than a dry Afromontane forest (Woldemariam et al., 2000) in Ethiopia. The relatively high density of woody species in MNR compared with other woodlands in Botswana might be attributed to the protection provided to the reserve from livestock grazing since its establishment in 1994, though wild animals still graze freely in the reserve.
The highest density of woody species in MNR (about 24% of the total woody species density) was exhibited by D. cinerea (Table 1) . This species has both advantages and disadvantages. It has a number of land and environmental uses, that is, in agroforestry, soil improvement, revegetation, land reclamation, soil conservation, erosion control, hedging and live fencing. It has been used for the stabilization of sand dunes and in soil conservation. It is also used to improve soils, e.g. along the riverbanks in the Sahel (World Agroforestry Centre, 2005) . Another use, a reason for its introduction, has been its perceived value as an ornamental hedging plant with its attractive pink and yellow flowers. The wood is considered as termite resitant and has been used for a wide range of purposes, including round wood, posts, exterior fittings, fences, though its utilization is limited by the scarcity of suitable dimensions and is more commonly used for walking sticks, tool handles, spears, etc. (von Maydell, 1986 ). The wood is most commonly used as fuel or for making charcoal. It has a high calorific value, burns slowly and is sought after as a preferred source of fuel. Non-wood uses include gums, lac, fodder, dyestuffs, bark products, fibres, honey and medicinal products. Debarked roots are used for strong weaving work, such as baskets and racks, and bark fibres for various applications (von Maydell, 1986) . Leaves and seeds are edible but are commonly sought after by livestock and are considered very nutritious. The bark, roots and leaves are all used for a number of medicinal purposes for example to treat headaches, toothaches, stings, sore eyes, leprosy, epilepsy and as a diuretic (World Agroforestry Centre, 2005) , and to treat snakebites, elephantitis and other internal parasitic worms, syphilis and gonorrhoea (von Maydell, 1986) .
Such uses are, however, limited because of its disadvantages. Dichrostachys cinerea is a long-lived and fast growing tree that has become an undesirable weed and is particularly a problem in areas where there has been overgrazing. In the areas were it becomes an invader, the species forms very dense thickets, especially at its younger stage, making areas impenetrable. In some countries, such as Cuba, West Indies, Hawaii and South America (SANBI, 2011), the species is considered as an invasive species. In the West Indies, D. cinerea has been responsible for the invasion of rangelands and has caused significant agricultural production losses (SANBI, 2011), notably through bush encroachment, the ecological process in which a grass-dominated community is changed into a woody community.
Encroachment is the result of overgrazing and is attributed to the ability of D. cinerea to regenerate profusely owing to its biological characteristics that foster its aggressiveness. These include regeneration of D. cinerea from seeds, smallest amount of root or through its root suckers. Large numbers of seeds, about 39,000 seeds kg -1 , are produced almost all year long, and seeds can be produced even by young trees (Fournet, 2004; World Agroforestry Centre, 2005) . The seeds can survive for long periods of time in the soil (Fournet, 2004) by forming persistent soil seed banks (Leck et al., 1989; Teketay, 2005) . Seeds may be dispersed by wind and water. Seeds may also be carried in the hooves of cattle (PIER, 1999) . The indehiscent pods, exhibiting animal dispersal syndrom, are eaten by a number of animals including cattle, camels and game (e.g. giraffe, buffalo, kudu, impala and Nyala) (Cooke, 1998; World Agroforestry Centre, 2005) , which distribute its processed Teketay et al. 191 seeds that are ready to germinate along with their droppings widely (Teketay, 1996a (Teketay, , b, 2005 Kalema, 2010; Neelo et al., 2013; Neelo et al., 2015) . The species has prolific root suckers and can regenerate from very small root cuttings. It can produce 130 new stems from root suckers within a 15 m radius from the main trunk over 10 years (World Agroforestry Centre, 2005) . It is fire resistant and found in a variety of habitats, e.g. dry deciduous forests, in areas with strong seasonal climates, saline, infertile, lateritic and poor soils, and is widely distributed in the seasonally dry tropics of Africa, Asia and Australia (von Maydell, 1986; World Agroforestry Centre, 2005; PIER, 1999 (von Maydell, 1986; Hunde and Thulin, 1989) . In general, the impact mechanisms of D. cinerea include competition by monopolizing resources and production of spines, thorns or burrs while its impact outcomes include negative impacts on agriculture and tourism as well as reduced amenity values and native biodiversity. In terms of invasiveness, D. cinerea has high reproductive potential, is highly mobile locally and invasive in its native range, has proved invasive outside its native range, and tolerates or benefits from cultivation, browsing pressure, mutilation and fire. D. cinerea has been reported to have displaced native plant communities (Moyroud, 2000) . It can cause losses in agricultural production (Fournet, 2004) . Due to its thorns it can make areas inaccessible for both humans and livestock, and it is lso expensive to control, which was estimated at USD 100 to 150 ha -1 as it involves frequent management (Hernández, 2002) .
The second densest woody species, E. undulata (about 13.5% of the total woody species density), is one of the most common small trees across the vast subtropical and central interior regions of southern Africa. It is one of the most variable species due to its adaptability to different climatic and habitat conditions. Several individuals of the species commonly grow closely together, forming impenetrable thickets, as is often the case in their southern to coastal distribution range. Although not very palatable, the leaves are browsed by a number of wild animals, and the fruits are eaten by birds and other mammals, including humans (although not tasty), which disperse the seeds over large areas quite successfully. Euclea undulata reproduces through both seeds and resprouting, and recovers easily from grazing or other forms of physical damage, which confirms its ability to regenerate in large number in MNR.
The third densest species, C. apiculatum (about 10% of the total woody species density), is a valuable fodder tree for browsing animals, and mature green leaves are eaten by kudu, bushbuck, eland, giraffe and elephant. Elands are so attracted to the tree that they can do damage to it with their feeding. Cattle like the leaves when they are about to fall or have fallen, especially when they are least nutritious. It is considered as an indicator of mixed veld, good for spring and summer grazing by most farmers but needs careful management. Its fruit pose a threat to livestock, especially the seeds which are poisonous but eaten by brown-headed parrots. Seed of all populations of C. apiculata studied showed the ability to acquire thermotolerance, but recovery from heat shock as assessed by germination and growth was higher with the lower altitude populations, which also exhibited a greater ability to withstand the 50°C heat stress (Chickono and Choinski, 1992) . Based on these characteristics, it was proposed that acquisition of thermotolerance by C. apiculatum may be of survival advantage to the seeds in the lower altitude areas of its range, particularly when the early rains are erratic and the seeds likely to be subjected to periods of post-imbibitional heat stress (Chickono and Choinski, 1992) , also commonly observed in MNR. The species also responds well to coppicing, growing back with plentiful foliage (mean leaf dry mass production = 875 g tree -1
) (Smith, 2003) . These charcteristics of C. apiculata explain its high density recorded in MNR.
Three species of Grewia have also exhibited high stem densities, representing about 27% of the total woody species density in MNR. This could be attributed to wild animals, especially frugivorous birds, and livestock, which eat the fruits and disperse seeds of the species widely Mothogoane, 2012a and b) . The seeds that have passed through the stomach of animals germinate rapidly, presumably due to the stomach acids that help to dissolve the tough seed coat. Also it has been demonstrated that cattle may facilitate shrub encroachment of Grewia, and the severity of shrub encroachment is governed by the intensity of seed dispersal . In addition, the species, e.g. G. flava, which is heavily browsed, especially during the dry season, are known to coppice profusely (Oppelt, 2003) .
The three species of Acacia, namely A. erubescens, A. mellifera and A. tortilis have also exhibited relatively high stem densities (about 14% of the total woody species density). This might suggest signs of bush encroachment due to overgrazing and over-exploitation of woody species (DEA, 2008; Neelo et al., 2013; Neelo et al., 2015) . Acacia mellifera is known to form impenetrable patches of thickets as well as encroach eroded sites (Ellery and Ellery, 1997; Neelo et al., 2015) and heavily grazed areas (El-Sheikh, 2013; Neelo et al., 2015) . The relatively high density of Acacia species, which are indicative of heavy grazing and encroachment, is consistent with the fact that MNR, as alluded in the introduction, has been used as an open grazing area in the past. Also, it may be associated with their seed dispersal, which is known to be facilitated by ruminants that usually browse them, and the subsequent conducive environment for seed germination and seedling development within the accompanying organic manure from animal droppings (Teketay, 1996a (Teketay, , b, 2005 Kalema, 2010; Neelo et al., 2013 Neelo et al., , 2015 .
The 10 woody species, which had the highest stem densities also exhibited high frequency of occurrence (present in 80 to 100% of the quadrats) and dominance, that is, ground covered by the cross section of their stems (for six of the spp.). As a result, they also represented the highest IVI value, suggesting that they are ecologically the most important species than the other woody species in MNR (Kent and Coker, 1992; Zegeye et al., 2006 Zegeye et al., , 2011 Senbeta and Teketay, 2003; Worku et al., 2012; Neelo et al., 2013 Neelo et al., , 2015 . The IVI values are also used in conservation programmes, where species with low IVI values are prioritized for conservation (Shibru, 2002; Shibru and Balcha, 2004) and those with high IVI values need monitoring management (Gurmessa et al., 2012) .
Tree size class distribution is an important indicator of changes in population structure and species composition of a forest ecosystem (Condit et al., 1998; Neelo et al., 2015) . Population structure of woody species yields information on the history of past disturbance of the species and their environment (Teketay, 1997b; Wale et al., 2012; Neelo et al., 2015) , which can be used to predict the future trend of the population of a particular species (Teketay, 1997b; Wilson and Witkowski, 2003; Kalema, 2010; Neelo et al., 2015) . The assessment of diameter class distributions of woody species in MNR resulted in the recognition of three different patterns of the population structures. In the first group, to which only about 32% of the woody species belong, the number of individuals decreased with the increasing diameter class, resulting in an inverted J-shaped population, an indication of stable population structure or healthy regeneration status (Teketay, 1997a; Alelign et al., 2007; Tesfaye et al., 2010; Zegeye et al., 2011; Helm and Witkowski, 2012; El-Sheikh, 2013; Neelo et al., 2015) . The woody species (about 68% of the woody species), which were categorized in the two other groups of population structure exhibited hampered regeneration, suggesting that the vegetation in MNR has been highly degraded as a result of a long period of open grazing/overgrazing and cutting of individuals of usable stem size. Human disturbance, particularly grazing, has been reported as the major reason for hampered or poor regeneration (Zegeye et al., 2011; Neelo et al., 2013 Neelo et al., , 2015 . High browsing pressure can lead to the absence of seedlings or juveniles as a result of high seedling mortality (Tremblay et al., 2007; Negussie et al., 2008; Neelo et al., 2013 Neelo et al., , 2015 .
Retaining and increasing spatial ground cover is important factor in reducing run-off and, thus, erosion (Murphy and Lodge, 2002) . Additionally, widespread vegetative ground cover reduces the impact of rainfall through energy absorption, decreases run-off, leads to elevated levels of soil infiltration and lowers siltation, levels (AGFACTS, 2005) . The assessment revealed coverage of the plant matter on the ground surface at MNR of an estimated 45%, indicating that at current vegetative coverage levels, soil erosion and top soil loss will be high. The likely cause of the observed low levels of spatial ground cover is permanent grazing and overstocking, leading to further reduction in total ground cover (through grazing pressure and soil compaction) and decline in the rates of retention and infiltration (Jacobs et al., 2000) . Although stocking rates at MNR have been decreasing, at current capacity, the land requirement of fauna in the reserve stands at 130% of land available (Geeves, 2015) .
Hence, the MNR has implemented an ongoing strategy to reduce fauna levels. The highest density of E. lehmanniana at MNR, representing 7.1% ha -1 of the total density of herbaceous species, is an indicator of mild overgrazing (van Oudtshoorn, 2012 ) that spreads well naturally in semi-arid grasslands and rapidly offers cover for exposed soils (Skerman and Riveros, 1990) . Its occurrence in MNR could indicate that grazing pressure in recent years has been reduced from the previously high levels during intensive cattle grazing and initial game overstocking. Due to the plants ability to protect soils and good palatability (van Oudtshoorn, 2012) , its presence in MNR is positive. Although most of the grass species present are tolerant of grazing pressure (Geeves, 2015) , native grasses are known to be negatively affected by the pressures of cattle grazing (Kimball and Schiffman, 2003) . Grass species represent 33.7% ha -1 of the land cover at MNR (comprising of 75.5% of herbaceous species coverage), significantly below the 50% coverage expected from an Arid Savanna Biome (Mares, 1999) . It is interesting to note that despite their difference in their levels of importance, 84 and 45% of the woody species and herbaceous species, respectively, represent useful sources of feed for the wild animals. On the other hand, the reults also revealed that for a considerable number of species, that is, 16 and 55% of the woody species and herbaceous species, resepctvely, no published information could be found on their nutritional values, indicating a major gap in terms of sustainable management of MNR as a source of relatively high nutrition for the various wild animals.
CONCLUSIONS
The results revealed that MNR contains a relatively high species, genera and family richness of both woody and herbaceous species. However, the diversity and eveness values of MNR were relatively low suggesting that individuals of a few species dominate the reserve. The density of woody species is high, though dominated by individuals of a few species, notably D. cinerea. Also, ten Teketay et al. 193 of the species were encountered in all of the quadrats studied, and more than 50 and 61% of the woody species exhibited frequencies of 70 and 50%. The basal areas (dominance) of almost all of the woody species were negligible, which indicates the absence or inadequate number of big-sized trees, which, in turn, suggests that MNR is still at the building or recovery phase after its exposure to heavy anthropogenic impacts, especially over-stocking with its associated over-grazing. The woody species with the highest IVI values in MNR, which are inicative of high ecological importance, include D. cinerea, C. apiculatum, S. africana, A. tortilis and E. undulata. Out of the 44 woody species, 14 (about 32%) exhibited stable population structures, which is also indicative of good regeneration status while the rest (30 woody species = 68%) showed unstable population structures, which could be attributed to their hampered regeneration. Therefore, there is a need to investigate the factors responsible for the unstable population structures and hampered regeneration of these woody species. The study also revealed that due to exposure of MNR to past permanent grazing and overstocking, the spatial ground coverage of the herbaceous species at MNR is less than 50%, indicating that potential of the reserve as source of herbaceous feed for the wild animals is compromised while the soil is exposed to the various agents of erosion.
For the species that information is available (84 and 45% of woody species and herbaceous species, respectively), the nutritional values ranged from low to high. The proportion of woody species and herbaceous species with no information on their nutritonal values is considerable (16%) and relatively high (55%), respectively. This suggests the need for embarking on research to find out how important the two groups of species are as sources of feed for animals.
The woody vegetation of MNR should be managed and regulated properly through giving due attention to the enhancement of regeneration of the woody species with the highest nutritional values and reduction of populations of aggressive species, such as D. cinerea and E. undulata. MNR should also be stocked with native herbaceous plants with the ability to protect soils from erosion and having good palatability without affecting, rather enhancing, plant diversity in the reserve.
